The great diversity of these materials (more than 200 semiconductors among 500 Heusler compounds) opens wide possibilities for tuning their bandstructure comparing to binary compounds 2 and enables an effective search of the optimal TI material for applications.
ties can open new research directions in realizing the quantized anomalous Hall effect and topological superconductors.
According to their electronic structure all bulk materials are divided into metals, which have a finite electron density at the Fermi energy and insulators, which show the band gap. Recently a new class of the so-called topological states has emerged -the Quantum Spin Hall (QSH) state in two dimensions and its generalization in three dimensions. The corresponding materials, called topological insulators (TI) have been predicted theoretically and recently studied experimentally. 1, 2, [7] [8] [9] [10] [11] The TI is a new state of quantum matter with a full insulating gap in the bulk, but with topologically protected gapless surface or edge states on the boundary. Research on TI's has attracted considerable attention due to both fundamental interest to a new state of matter as well as its possible application in new spintronic devices. 4 All the TI's discovered so far were either alloys The great diversity of these materials (more than 200 semiconductors among 500 Heusler compounds) opens wide possibilities for tuning their bandstructure comparing to binary compounds 2 and enables an effective search of the optimal TI material for applications.
In particular, several compounds, YPtSb, YPdBi and ScAuPb are found at their experimental lattice constants 15 close to the border between the trivial and topological insulator, with all relevant bands degenerated at the Γ point (see Fig. 3(a) ). Such a material can be easily transformed from a trivial to a topological insulator and vice versa by a small variation of the lattice constant (by applying pressure or growing the film on the appropriate substrate Ternary Heusler compounds of X 2 YZ or XYZ composition (with X, Y -the transition or rare earth metals and Z -the main group element) form the class of materials which are well-suited for various spintronic applications. 19 The semiconducting nature of these compounds arise due to the strong tendency towards covalent bonding. From basic structural and bonding considerations the X 2 YZ Heusler compounds (L2 1 structure) with 18 or 24 valence electrons 20 and XYZ Heuslers (C1 b ) with 18 valence electrons [21] [22] [23] are expected to exhibit a gap at the Fermi energy.
In the following we will focus on the XYZ Heuslers (also called half-Heuslers 18-electron compounds are closed shell species, non-magnetic and semiconducting. we study the topological phase transition between trivial and inverted phases in YPdBi, one the materials which sits right at the border between the trivial and topological insulator states (see Fig. 3 ). Figure. bands, degenerate with the Γ 8 quadratic heavy-hole band. Small variation of the lattice constant (by about ±0.3 %) substantially influences the band structure near the Fermi energy: the compression leads to a trivial state with the band gap E Γ 6 − E Γ 8 ≈ 0.07 eV, whereas the expansion leads to a zero-gap inverted state with a difference E Γ 6 − E Γ 8 ≈ −0.07 eV. Analogous effect is achieved by scaling the spin-orbit coupling magnitude λ at the critical lattice constant (Fig. 4(b) ). The suppression of spin-orbit coupling (λ < 1) drives the system into a trivial state while the increase (λ > 1) leads to a topological insulator.
Furthermore, for HgTe it has been proposed that a uniaxial strain can lift the degeneracy between light-hole and heavy-hole subbands of Γ 8 , which drives this zero-gap semiconductor into a real TI phase. 3, 7 Similar effects can be studied by our ab-initio calculations in Heusler compounds. Figure 5 shows the YPdBi bandstructure calculated for a small tetragonal strain applied along
[001]-direction reducing the c/a ratio by 3 %. One can see that both normal ( Fig. 5(a) ) and inverted LaPtBi system. 12 The absence of inversion symmetry is theoretically proposed to support topo- 
